. Participation in classroom physical activity (PA) may improve time-on-task (TOT); however, the influence of sustained moderate-tovigorous PA (MVPA) on TOT is unknown. Purpose: To explore the influence of classroom PA delivered with academic lessons on TOT, determine if the relationship between classroom PA and TOT differs by age, sex, race/ethnicity, weight or baseline fitness, and identify the influence of MVPA on TOT when controlling for demographic variables. Methods: Teachers in intervention schools were asked to deliver two 10-min PA lessons per day, 5 dIwk j1 . PA was observed in both intervention and control schools to determine the amount and intensity of PA. Time-on-task was observed before and immediately after PA. Anthropometrics and fitness were assessed at baseline and end of the school year for 3 yr. Multilevel modeling was used to estimate overall group difference, change over the study, and group difference in change while accounting for covariates. Results: Students who participated in PA lessons engaged in significantly more MVPA than those in the control schools in all 3 yr (all P G 0.001). There was a significant linear increase in the percent of TOT before PA lessons for both control and intervention groups over the 3-yr period (P G 0.001), with no group difference. The intervention group spent significantly more TOT (P = 0.01) after PA than the control group. The percent of time spent in MVPA was significantly associated with the percent of TOT (P G 0.01). Conclusions: Results indicate that children who received PA lessons participated in significantly more MVPA than those who did not and that PA was significantly associated with more TOT. These findings provide support for classroom PA as a means of increasing TOT in elementary age children. Key Words: CHILDREN, TIME-ON-TASK, PHYSICAL ACTIVITY, CLASSROOM P hysical inactivity puts children at risk for many health problems, including childhood obesity (11). To prevent obesity and improve health, it is recommended that children engage in 60 or more minutes of physical activity (PA) daily; however, most children do not achieve this recommendation (4,27). Therefore, methods to increase daily PA must be explored. One means of increasing PA is by using schools as a delivery site, because children spend 6 or more hours in school most days of the week, for approximately 9 months per year. School-based PA can be delivered through a variety of venues including physical education classes, recess, and during classroom instruction in addition to before and after-school programs (26).
P hysical inactivity puts children at risk for many health problems, including childhood obesity (11) . To prevent obesity and improve health, it is recommended that children engage in 60 or more minutes of physical activity (PA) daily; however, most children do not achieve this recommendation (4, 27) . Therefore, methods to increase daily PA must be explored. One means of increasing PA is by using schools as a delivery site, because children spend 6 or more hours in school most days of the week, for approximately 9 months per year. School-based PA can be delivered through a variety of venues including physical education classes, recess, and during classroom instruction in addition to before and after-school programs (26) .
Researchers have attempted to incorporate PA into the classroom through academic-based PA lessons such as Physical Activity Across the Curriculum (PAAC) (9, 10) or ''brain break'' type PA opportunities including Energizers (21, 23) and FUNervals (13, 20) . Overall, these PA opportunities are able to increase school day PA time (9, 10) . In addition to increasing PA time, several cross-sectional studies have demonstrated that classroom-based PA sessions may also have an effect on a child_s attention to classroom instruction after the activity (13, 20, 21, 23) . This increase in attention is hypothesized to be a prerequisite for learning and academic achievement and therefore, may have a positive impact on academic outcomes (1, 7, 12, 19, 20, 23, 28) . Mahar et al. (21, 23 ) measured time-on-task (TOT) after sedentary lessons or Energizers, which are 10-min classroom-based physical activities. From before to after energizers, average percentage of on-task behavior increased by more than 8% as compared with sedentary lessons. Similarly, Ma et al. (20) found that off-task behavior decreased in both second and fourth graders after FUNtervals (4 min high-intensity interval exercises) when compared with a no-activity break.
Additionally, Ma et al. (20) examined the effects of attention on task performance and showed that third to fifth grade students made fewer errors on an attention test after FUNtervals when compared with rest. Grieco et al. (13) measured TOT after a physically active academic lesson and an inactive control lesson. Time-on-task did not increase after the active lesson, but did decrease significantly after the inactive control lesson.
Altenburg et al. (2) evaluated the influence of one versus two bouts of moderate-to-vigorous PA (MVPA) (confirmed via heart rate monitor) on classroom attention, measured by a Sky Search Task. These authors found that children who performed two 20-min bouts of MVPA during the morning school session had significantly better attention scores as compared with children who performed one bout or remained seated during the morning. These findings not only indicate the importance of incorporating PA into the school day, but also may suggest that MVPA intensity impacts attention. Together, all of these short evaluations suggest that participating in PA in the classroom may impact attention and/or TOT; however, the impact of sustaining MVPA, in the form of classroom activity, for multiple years and the effect of demographic variables on TOT behavior is unknown.
Several studies have also evaluated the longitudinal influence of other school-based PA interventions on attention (1, 7, 12, 29) , but yielded inconclusive results. A study published by Davis et al. (7) evaluated the influence of an afterschool fitness program on attention using the Cognitive Assessment System attention subscale and found no impact. Similarly, a cluster randomized study (12) compared 10 wk of intense physical education to a standard physical education control group in second graders and found no significant between-group differences in attention measured by the Cognitive Assessment System. Spitzer et al. (29) also showed that extra physical education lessons in fifth and sixth graders for 4 months did not lead to improvements in attention when compared with control. On the other hand, Adsiz and colleagues (1) examined the impact of a 12-wk PA program that added sport activities three times per week to school on attention measured by the Bourdon Attention test. These researchers found that children who engaged in the additional PA had 83% higher attention levels than sedentary children. Together, these findings suggest that there may be a neutral or positive effect of additional PA on attention; however, similar to the most of the classroom-based PA programs, PA intensity (i.e., MVPA) was not reported/evaluated nor was the influence of demographic variables examined.
Therefore, the objectives of the present investigation were to use data from a 3-yr cluster randomized PA intervention, ''Academic Achievement and Physical Activity Across the Curriculum'' (A + PAAC, NCT01699295, described below) to: 1) explore the influence of classroom based PA bouts delivered through academic lessons on the proportion of onand off-task behavior; 2) determine if the relationship between classroom PA and TOT differs by age, sex, race/ ethnicity, weight or baseline fitness; and to 3) identify the influence of PA intensity for on-and off-task classroom behavior when controlling for key demographic variables.
METHODS
Participants. A detailed description of the rationale, design, and methods of A + PAAC has been previously published (8) . Briefly, A + PAAC was a 3-yr, adequately powered, cluster-randomized, controlled trial designed to evaluate the influence of classroom based PA lessons on academic achievement. Overall, the trial incorporated 17 elementary schools from four school districts in Northeastern Kansas. The schools were stratified by school district to receive A + PAAC (nine schools) or serve as controls (eight schools). A + PAAC provided academic lessons delivered by classroom teachers using MVPA (100 minIwk j1 , 94 METs, metabolic equivalent of task) to increase total daily MVPA while maintaining academic instruction time. A + PAAC began when the students were in second or third grade and ended in fourth or fifth grade. Parents and students provided consent and assent, respectively, before initiation of A + PAAC. The investigation was approved by The University of Kansas Human Subjects Committee.
Intervention procedures. Teachers were asked to deliver two 10-min A + PAAC lessons per day, one lesson in the morning and the other in the afternoon, 5 dIwk j1 (see video, Supplemental Digital Content 1, Language arts example of A + PAAC delivery, http://links.lww.com/MSS/ A966; and video, Supplemental Digital Content 2, Mathematics example of A + PAAC delivery, http://links.lww. com/MSS/A967). This resulted in a weekly total of schoolbased PA of~160 minIwk j1 (A + PAAC = 100 min plus PE = 60 min), which is slightly greater than the minimum 150 minIwk j1 of PA that should be accumulated each week during school hours for children as recommended by the Institute of Medicine (6) . The use of A + PAAC lessons outside the classroom, such as during field trips, was also permitted. The recommended A + PAAC lessons provided MVPA with PA intensity of 4 to 5 METs (14) . A + PAAC lessons were used in a variety of academic disciplines including math, language arts, geography, history, spelling, science, and health.
Classroom teachers in the intervention schools were trained by study staff to deliver A + PAAC during two, 6-hr in-service sessions conducted at the school before implementation of the intervention. Teachers were compensated for participation in the training sessions. To assist teachers in delivering A + PAAC lessons, teachers were provided a written guide and access to a study website which provided a variety of sample A + PAAC lessons with each lesson_s associated MET values. A 1-d (4 hr) in-service session was also conducted at the beginning of intervention years 2 and 3 to provide feedback to teachers regarding the intervention and to discuss implementation of the A + PAAC intervention. Teachers that were new to the school were also trained at this time. Teachers in the control schools were asked to continue using traditional classroom instruction and students in both intervention and control schools continued with their typical physical education schedule (i.e., 2-to 30-min classes per week). An evaluation of the installation of other PA or nutritional based interventions was completed by each school_s principle at the end of each year to determine if competing programs were adopted by the school that could pose a threat the internal validity of the intervention. None were identified.
Intervention fidelity. To measure the amount of A + PAAC lessons delivered, classroom PA was observed every other week using the activity portion of System for Observing Fitness Instruction Time (SOFIT), which is a validated time-moment sampling technique (24) . Activities were coded on a 5-point Likert scale (1, lying down; 2, sitting; 3, standing; 4, walking; 5, jogging/running in place). Moderateto-vigorous PA was defined as participating in an activity coded as a 4 or 5. Of the nine intervention schools, one school was selected at random for observation on a specific day each week. Within the selected school, the classroom to be observed was randomly selected. Finally, the specific students to be observed were randomly selected from the ones that provided consent/assent (approximately 20 per classroom). Each child was observed at least once during the 3-yr period. Approximately five students were observed consecutively, in 20-s intervals for each student, yielding approximately six observations per child over a 10-min period. The total percentage of time each student spent participating in MVPA during each observation was calculated (e.g., 2 min observed with 1 min and 30 s spent in MVPA yielded 75% MVPA). The same procedure was also performed within the control schools to observe the activity that occurred during a normal academic lesson.
In addition to SOFIT observations, teachers were asked to report the number of days and minutes per day A + PAAC lessons were delivered each week on a study specific website.
Time-on-task. Time-on-task was assessed by study staff on the same random schedule for recording classroom PA using a modification of the procedures from Mahar et al. (21, 23) . During each assessment, approximately five students were observed for 5 to 20 min before and 5 to 20 min after the delivery of an academic lesson (i.e., A + PAAC or traditional). Each child was observed for 10 s, after which the appropriate behavior code was circled. This procedure was repeated over the 5-min interval to result in a total of approximately 20 observations per child. Coding included on-task, motor off-task, noise off-task, or passive/other offtask (15, 28) . The percent of on-task time, percent motor offtask, and so on, was computed for each student based on the number of minutes of observation prelesson and postlesson (e.g., 5 min observed with 4 min on-task yielded 80% TOT). Inter-observer reliability for both the SOFIT and TOT across the 3-yr period was 92%.
Demographics. Basic demographic information (age, race/ethnicity, sex, free/reduced lunch, etc.) for both participants and their parent(s) were collected only at baseline via questionnaire. ). BMI percentile was calculated using the CDC growth charts (16) .
Anthropometrics (height/
Cardiorespiratory fitness. The PACER test was administered at each school in small groups (8-12 students) with a 1:4 ratio of staff to children. Children were instructed to run back and forth between two lines, spaced 20 m apart, as they were paced by a tone signaling the time at which students must reach the opposite side. The pace began slowly and became progressively faster until each child was unable to traverse the 20-m distance on two separate occasions, at which point the test ended (5, 31) . A higher level of fitness was denoted by a greater number of completed PACER laps. There has been considerable work with adults and children (17, 18, 22) detailing the high reliability and validity of the PACER, which has been administered worldwide and to children as young as 6 yr (25) . As such, the PACER is a useful school-based test that not only provides an accurate and viable method for identifying childhood health risks, but also greatly increases the feasibility of collecting aerobic fitness information in large samples of children.
Statistical analysis. Baseline demographic and anthropometric variables were summarized using descriptive statistics and bivariate tests-that is, t test, W 2 test, and correlation. Independent-samples t test (with Satterthwaite approximation as appropriate) was performed to compare the percent of time spent in on-task behavior before and after academic lesson delivery (A + PAAC or traditional) and MVPA between students in the intervention schools and those in the control schools. Given the nested structure of the data (i.e., students were repeatedly measured within classrooms), multilevel modeling was used to estimate overall group difference (group effect), linear or quadratic change over the study period (time effect), and group difference in this change (i.e., group-time interaction) separately for each outcome, accounting for the dependency among observations (i.e., intraclass correlations) as well as covariates including age, gender, race, free or reduced lunch, BMI and fitness (laps). All analyses were conducted using SAS 9.4 (SAS Institute, 2002-2012).
RESULTS
Sample characteristics. Baseline demographic characteristics and anthropometrics are available in Table 1 . A total of 584 participants began the intervention in year 1 (n = 268 control, n = 316 intervention) and of those, 448 completed the intervention in year 3 (n = 204 control, n = 244 intervention). On average the students_ age was 7.6 yr (SD = 0.58) at baseline and did not significantly differ between the intervention and control schools. BMI, height and weight at baseline also did not significantly differ between the two groups. Ethnicity (Intervention = 10.7% Hispanic/Latino, Control = 7.2% Hispanic/Latino), race (Intervention = 85.6% white, Control = 77.1% white), and free or reduced meals (Intervention = 24.1% received free/reduced lunch, Control = 32.8% received free/reduced lunch) did significantly differ, with the control schools having more minorities and a greater percentage of students enrolled in free or reduced meal plans when compared with the intervention schools.
Moderate-to-vigorous PA and on-task behavior. The participating teachers in the intervention schools reported an average of A + PAAC minIwk j1 across the intervention of 60.8 T 32.3, 54.6 T 34.4, and 49.2 T 33.6 for years 1, 2, and 3, respectively. The control school teachers reported no A + PAAC minutes. The students who participated in A + PAAC lessons engaged in significantly more MVPA during the academic lessons than those in the control schools during each of 3 yr (all P G 0.001, see Table 2 and Fig. 1A) . The intervention group performed 52.7%, 58.7%, and 60.1% of observed lesson time each year as MVPA for 3 yr, as compared with 1.6%, 3.6%, and 2.3% in the control group.
Multilevel modeling results revealed a significant linear increase in the percent of time spent on-task before the academic lessons for both the control and intervention groups over the 3-yr study period (time effect P G 0.01, see Table 3 TABLE 1. Baseline characteristics.
Total (N = 633)
A + PAAC Intervention (n = 319) Control (n = 314) Group Difference Values are presented as mean (M) or percent of total (%) and standard deviation (SD). 
A + PAAC Intervention (n = 319) Control (n = 314) Group Difference Values are presented as mean (M) and SD.
and Fig. 1B ). There was no significant group difference in this change, but the control group was on-task in a higher percentage of academic lessons (93.3%) when compared with the intervention group (88.9%) at year 3 only (P G 0.01, see Table 2 ). In addition, boys spent significantly less percent of time in on-task behavior before the observed lesson than girls during all 3 yr (P G 0.001, see Table 3 .). There was no significant effect of age, race, free/reduced meals, BMI or fitness on the prelesson on-task behavior time.
Regarding the percent of time spent on-task after the observed academic lessons, there was also a significant linear increase for both groups over the 3-yr period (time effect, P G 0.001; see Table 4 and Fig. 1C ). Throughout the entire 3 yr, the intervention group spent significantly more percent of time (year 1, 88.46%; year 2, 89.77%; year 3, 91.58%) in on-task behavior than the control group (year 1, 85.32%; year 2, 88.26%; year 3, 91.26%; group effect, P = 0.011). However, the gap between the groups did become smaller in the later years and was not significant (time-group interaction P = 0.092).
Similar to the prelesson TOT, boys spent significantly less percent of time in on-task behavior after the lesson than girls (P G 0.000). There was no significant effect of age, race, or free/reduced lunch consumption on the postlesson on-task behavior time. In addition, the percent of time spent in MVPA significantly predicted the percent of time spent in on-task behavior (P G 0.01, see Table 5 )-that is, the more time spent in MVPA was associated with more time-spent on-task.
DISCUSSION
This study found that participation in the MVPA academic lessons were significantly associated with a greater percentage of time spent in on-task behavior throughout the entire 3-yr period for the intervention group as compared with the control group. Also, more time spent at a MVPA level was significantly associated with more time spent in on-task behavior after PA participation; however, boys ontask behavior occurred for a significantly less percentage of time compared with girls.
Overall, findings from this multiyear study are congruent with shorter observational studies, and suggest that classroom based PA has a positive impact on on-task behavior post-PA participation independent of most demographic factors (13, 20, 21, 23) .
The present investigation also evaluated the percentage of time students spent participating in MVPA. Previous investigations (13, 20, 21, 23) state prescribing MVPA classroombased PA, but do not measure if MVPA was achieved. The present findings indicate that the presence of MVPA has a positive influence on post-PA on-task behavior.
Findings from this study also showed an increase in TOT with time and age. This finding is a normal and naturally occurring observation. Previous research indicates that sustained attention to a task develops continuously from age 5 to 10 yr and then plateaus until age 16 yr (3). Because this study was initiated when the children were approximately 7.5 yr of age, an increase in attention span and TOT with age was to be expected.
Limitations. Despite positive findings, there are several limitations associated with this study. First, a preintervention value or true baseline value of TOT was not collected before the students participating in MVPA academic lessons as the intervention began when the school year started. Therefore, future studies should ensure a baseline assessment of classroom on-task behavior before starting the intervention. In addition, students were only observed for a short time period (5 to 20 min) after academic lessons (A + PAAC or control); therefore, we are unable to determine the length of impact PA participation has on TOT in the classroom. Similarly, PA was only measured via SOFIT during the activity lessons and not objectively using accelerometry. The addition of an accelerometer during all PA sessions in future studies could provide a more objective/accurate measure of MVPA. However, Honas et al. (14) did measure PA intensity via accelerometer and COSMED energy expenditure on a subsample of children to confirm the SOFIT findings and found the average MET level of the A + PAAC actvitities delivered to be 4.2 T 0.9, thus confirming the SOFIT findings. Finally, logistical constraints prohibited daily observation and each child in the intervention was assessed a variable amount of times; however, this was controlled by incorporating random effect in the multilevel modeling.
CONCLUSIONS
In conclusion, the present investigation found that those children who received A + PAAC activity lessons participated in significantly more MVPA than those in the control group and that participation in MVPA academic lessons were significantly associated with more on-task behavior time. Overall, these findings provide support that physically active classroom lessons do not have a negative impact on classroom attention in elementaryage children, which has been found to be a main concern about schools and teachers in this matter. Future studies should continue to evaluate the influence of physically active classroom lessons on time spent on-task and its impact on academic achievement to determine the sustainability of PA_s effect on classroom behavior. 
